BACKGROUND: A role for leptin to predict weight gain is still controversial. OBJECTIVE AND DESIGN: To determine the relationship between baseline serum leptin values and responsiveness to an educational-based weight excess reduction program (WERP), 418 (241 males and 185 females) obese subjects, aged 9 ± 15 y, were recruited. WERP required 2 y of follow-up. Body mass index (BMI) was evaluated at baseline and at each semester of follow-up. The obese subjects were subdivided into responsives and non-responsives, according to reduction or not of their BMI Z-scores during the WERP. Leptin concentrations were assayed at baseline and were included together with other independent variables in statistical multiple regression analysis. RESULTS: At a preliminary multiple regression analysis, a signi®cant positive correlation between leptin values and BMI Z-score reduction at the second, third and fourth semester of follow-up was registered. To determine the odds ratio of the subjects who were responsive or non-responsive at the various semesters of WERP follow-up, a stepwise logistic regression was used incorporating the same predictors, with the serum leptin values subdivided into quintiles and responsiveness and non-responsiveness as a binary outcome variable. The model offered a satisfying goodness of ®t as shown by the sensitivity and speci®city. The odds ratio of being responsive were signi®cantly increased by greater quintiles of leptin serum concentrations. Furthermore, such odds ratios were much higher in pubertal than in prepubertal subjects. CONCLUSIONS: These ®ndings support a signi®cant role for serum leptin concentration in predicting BMI changes as a response to an educational excess weight reduction program.
Introduction
Leptin is a protein hormone transcribed from the ob gene that operates as a signal of fat mass for the central nervous system. 1 It is produced by adipose cells, reduces food intake and increases energy expenditure. Leptin also exerts various effects on metabolism, glucose homeostasis and sexual development and activity; its serum concentrations show a close correlation with adipose tissue deposits and are markedly increased in obese subjects. It has been reported that leptin serum levels do not merely re¯ect adiposetissue size but that they play in controlling of body weight homeostasis and fatness development. Ravussin et al 2 reported that mean plasma leptin concentrations of obese Pima Indians who gained weight were lower than those of obese subjects with comparable initial body weight who maintained their weight. These results were con®rmed by Lindroos et al, 3 but not by Haffner et al 4 in 180 non-diabetic participants in the Mexico City Diabetes Study, or by Hodge et al 5 in 2888 non-diabetic Mauritians aged 25 ± 75 y participating in a population-based survey. Furthermore, in Japanese Americans higher baseline plasma leptin resulted in an association with fat accumulation. 6 Therefore, the possible role of serum leptin values in predicting weight gain or reduction in adult obese subjects is still controversial. In a previous study on obese children and adolescents, we reported that a positive correlation existed between the reduction of relative body weight and initial serum leptin corrected by body mass index. 7 Similar results were obtained by Matkovic et al, 8 who reported a greater body fatness over a 6 month period in female adolescents with lower nocturnal rise of leptin in serum concentration, and more recently by Byrnes et al 9 in prepubertal children.
The aim of this research was to perform an extensive analysis in a large group of obese children and adolescents in order to establish in greater detail whether baseline leptin serum values were predictive of a subsequent response to an educational-based weight excess reduction program (WERP).
Subjects and methods
The participants to this research came from an extensive population-based survey on growth and ponderal development of school children from three counties in central Italy (Perugia, Terni and Rieti) who were included in diagnostic evaluation and educational project as reported elsewhere. 10 A total of 426 obese subjects (241 males and 185 females), 8 ± 15 y old, participated in this study and were enrolled between October 1995 and June 1997. All subjects identi®ed for this research had a body mass index (BMI kgam 2 ) over the 95th percentile as computed using the tables of Rolland-Cachera et al 11 for a French population, and proposed by the members of the European Childhood Obesity Group (ECOG) as a standard for European children. 12, 13 The mean values of the parents' BMI was also registered. In selecting the obese subjects, the following conditions led to exclusion from the study: acute pathologies (febrile diseases, traumas, seizures, etc), dysmorphic pathologies, drug therapy, lesions of the central nervous system, short stature or clinical conditions that could affect the endocrine ± metabolic state, ponderal or statural growth, or pubertal development. Pubertal stage of the obese subjects was recorded according to Tanner and Whitehouse. 14 Blood pressure was evaluated using the table of Task Force on Blood Pressure Control in Children. 15 All subjects participated in an educational-based WERP: modi®cation of eating behavior was proposed to reduce or control weight development in order to obtain a reduction of the Z-score of BMI, and increased physical activity was also encouraged. The program required a 2 y follow-up. Calculated caloriede®cient diets were not used in these subjects during the whole period of observation of the study. All children were seen at 1 ± 2 month intervals and dietary advice or educational reinforcement was adopted when necessary. The WERP was fully attended by 189 subjects (118 males and 71 females) throughout the required 2 y follow-up, while 237 other subjects (123 males, 114 females) dropped out, through not attending the entire WERP and interrupting the program for a period of more than 6 months after their last visit. The obese subjects were subdivided into two subgroups: subjects who showed a reduction of the Zscore of BMI as compared to the baseline values were considered as responsive, while all the other subjects were considered as non-responsive. Leptin, insulin, triacylglycerol and cholesterol serum values were evaluated before the WERP started. BMI values were grouped at 6, 12, 18 and 24 months after the WERP started, using the value of the latest recording in each semester. The season corresponding to the various BMIs collected for each semester was also registered.
Informed consent was obtained from the parents of the children included in this study. The study was carried out in collaboration with the three county Directors of Education and was approved by the Ethics Committee of the Region of Umbria.
Methods
Blood samples were collected at baseline medical examination during routine analyses after overnight fasting. All subjects were requested to maintain their usual diet 8 ± 10 days before testing. Sera were separated and stored at À30 C until determination of leptin, insulin, triacylglycerol and cholesterol. Serum leptin concentrations were measured by radioimmunoassay using a commercial kit (Linco Research Inc, St Charles, MO, USA). The inter-and intra-assay coef®cients of variation (CV) were 6.8% and 7.1%, respectively. Insulin serum concentrations were measured by RIA using a commercial kit (Bouty, Cassina de Â Pecchi, Italy). Blood lipids were assayed by enzymatic colorimetric methods using kits furnished by Boehringer Mannheim. Percentage of body fat mass (%FM) was measured using a bioimpedance instrument (BIA 101; Akern RYL System, Florence, Italy). Empirically derived equations provided by the manufacturer of the instrument were used to calculate estimated lean body mass.
Statistical analysis
As the distribution of BMI at any particular age tended to be skewed positively, the LMS transformation according to the method of Cole 16, 17 was used in order to calculate an exact Z-score. The statistical requirements for meeting normal (Gaussian, with mean 0 and s.d. 1) distribution were assessed by the Kolgomorov ± Smirnov test. The variables were transformed to normal distribution by taking logarithms when necessary. Multiple linear regression analysis was performed as a preliminary statistical procedure, using DZ-score of BMI (difference between BMI Zscore at baseline and BMI Z-score registered at the various intervals of WERP) as a dependent variable. The following independent potential predictor variables were used, all of which were at baseline: gender, age, pubertal stage, BMI Z-score, height Z-score (evaluated according a reference curve for central Italy, 18 %FM, blood pressure (mean systolic and diastolic Z-score), fasting serum insulin, leptin, cholesterol and triacyglycerol. Moreover, parents' BMI (mean), subject dropout from or continuance in WERP, WERP duration and season were also included among the covariates. To determine the odds ratios a model of stepwise logistic regression was produced. Responsiveness and non-responsiveness to the WERP were used as binary dependent variables (responsive subjects 1, non-responsive Leptin predicts weight-excess reduction G Di Stefano et al subjects 0). The statistical analysis was performed using data from each semester of follow-up and goodness of ®t was tested. All the independent variables were incorporated by backward conditional elimination and by including only statistically signi®-cant potential predictive variables. All statistical procedures were carried out in SPSS for Windows (release 6.1.3, SPSS Inc., Chicago, IL, 1995).
Results
The baseline characteristics of the subjects included in this study are reported in Table 1 . In Table 2 , the BMI Z-scores and leptin serum concentrations at baseline and the BMI Z-score at various semesters of follow-up are reported in obese subjects subdivided according to responsiveness. Multiple linear regression analysis between DZ-score of BMI and the various independent variables demonstrated that only leptin concentration (log-transformed) correlated positively and signi®cantly at 6 ± 12, 12 ± 18 and 18 ± 24 months. The partial correlation coef®cients derived from the previous analysis are reported in Table 3 . Interactions between leptin concentration and gender, age and pubertal stage, respectively, were also evaluated in the same multiple linear regression analysis. A signi®cant positive correlation in the subjects after 18 ± 24 months resulted for the interaction between leptin concentration (log-transformed) and age (r 0.396, P`0.001), as well as between leptin and pubertal stage (r 0.425, P`0.001) with DZ-score of BMI.
To determine the odds ratio of the subjects who were responsive or non-responsive at the various semesters of WERP follow-up, a stepwise logistic regression was used. incorporating the same predictors, with the serum leptin values subdivided into quintiles and responsiveness and non-responsiveness as a binary outcome variable. The correct estimate of Table 4 . The logistic regression analysis was also performed in the obese subjects, subdivided in prepubertals and pubertals, at 18 ± 24 months of observation of WERP. The results are reported in Table 5 .
Discussion
Serum leptin concentrations are related to adipose tissue mass and participate in regulating nutritional status. We evaluated whether serum leptin may be considered useful in predicting responsiveness of obese children and adolescents to an excess weight reduction program. To this purpose, leptin serum concentration was assayed in 426 obese subjects and the association with successive BMI variations was analyzed over a 2 y WERP. At a preliminary study performed by multiple linear regression analysis, higher baseline values of leptin serum, corrected by many other independent variables, were associated with greater subsequent Z-score reductions of BMI. This ®nding con®rmed our previous data on a smaller group of obese subjects followed for a shorter time. 7 However, low-calory diets were proposed to the subjects participating in the previous research and this could have in¯uenced the results in some way. With the obese subjects in this study participating in the WERP, the educational target was an approach leading to a decrease in food intake and changes in lifestyle. The positive correlation between leptin values and Z-score reduction of BMI was found in the second, third and fourth semester of the WERP follow-up. Using a logistic regression model in which responsiveness and non-responsiveness were used as a binary dependent variable, we determined the odds ratios of the obese subjects being responsive or not. A backward stepwise logistic regression was used incorporating the various predictors, with the serum leptin values subdivided into quintiles. The odds of being responsive were increased by greater leptin serum concentrations, even corrected for BMI or fat mass percentage.
Although leptin serum values are correlated with adiposity status, variations in these values are induced by gender, age and pubertal stage, as well as by circadian rhythm, pulsatility, fasting, and physical and endocrine activity (insulin, corticosteroids and activity of sympathetic nervous system). In addition, relatively lower leptin values can be found, as corrected with fat mass percentage, among obese subjects. Such differences of leptin serum values observed in obese subjects may have various causes. It has been demonstrated that, in man, leptin expression is higher in subcutaneous adipose tissue as opposed to omental, retroperitoneal and mesenteric sites. 19, 20 In children as well, a strong positive correlation was found between leptin concentrations in serum and subcutaneous fat deposits 21 and, more recently, leptin serum concentrations have been reported to track the changes in the subcutaneous fat deposit during pubertal maturation. 22 Therefore, variations in the relationship between leptin serum concentrations and fat mass deposits might in part be a consequence of the variations of fat distribution in the various sites that take place during development. In this context, pubertal development may play a role in the relationship between leptin serum levels and successive variations of BMI Z-score. In this research, we demonstrated a signi®cant in¯uence of puberty as well as of age. The odds ratios of responsiveness in subjects with greater baseline leptin concentrations proved to be higher in pubertal than in prepubertal subjects. Recently, Ahmed et al 23 reported that a lower prepubertal leptin level was associated negatively with a greater gain in percentage body fat gained during sexual maturation in 12 girls followed Leptin predicts weight-excess reduction G Di Stefano et al from the beginning to the end of puberty. A greater awareness might also contribute to a greater compliance of older obese subjects in this study to WERP. Mechanisms restricted to adipose tissue may be important to modulate leptin expression. Transcription of the ob gene involves factors such as CaEBP and peroxisome proliferator-activated receptor (PPAR) families. PPARg, a transcription factor involved in the differentiation of preadipocytes into adipocytes, may negatively in¯uence leptin gene expression and play a role in a feedback loop of adipose tissue development. 24, 25 Therefore, adipose tissue participates in promoting expansion or reduction of its mass by producing different amounts of leptin that the central nervous system interprets as a signal of excess, ®tness or scarceness.
The above-mentioned factors were not measured directly, so that no relationship can been drawn with the results of this research. However, such results are consistent with the opinion that assessing the dynamics of the leptin system is more important than relying on a steady-state plasma leptin measurement. 26, 27 Leptin serum concentrations re¯ect adiposity status well when the energy balance is in a steady state, but not when changes in fat mass rely on the dynamics of nutritional status. In such a context, energy variations connected with the development of body mass and composition may be a key variable that induces changes in leptin gene expression. Body composition falls under genetic in¯uences to a great extent. A decrease or an increase of fat mass related to developmental progression in a child or an adolescent makes it theoretically acceptable that the signal for the brain to reduce food intake will be higher or lower, respectively. Therefore, it is conceivable that with less help from endogenous mechanisms, subjects prone to increasing their obesity show a failure to comply to an attempt at weight-excess reduction that may super®cially be deemed lack of willpower.
As to the possibility of predicting variations in adiposity status, either spontaneously or induced by dietetic therapeutic approaches, in this research leptin serum values proved to be a potentially useful predictive tool. The signi®cance of the results lies in the statistical strength of the procedures used, also considering that leptin was estimated as adjusted by many potential confounders. It is evident that practical use of the results of this research should be considered as con®ned to the population that was studied and restricted to the methodology adopted in the WERP. Responsiveness to educational and dietological treatment of obesity in children and adolescents is in¯u-enced by too many mechanisms and is under the control of complex factors, such as race, genetic background, economics, family behavior, culture, lifestyle, psychological approach to nutritional problems and metabolic functions such as metabolic rate, rate of fat oxidation, insulin sensitivity and sympathetic nervous system activity, 28 many of which are dif®cult to control in a clinical trial setting. However, in terms of evaluating the likelihood that an educational approach to weight-excess correction will be effective, leptin may be considered a reliable factor in predicting responsiveness of obese children and adolescents.
